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A new model has been developed which describe success-
fully the parity violating and the parity conserving amplitude
of the weak nonleptonic decay of the octet hyperons using
weak SU(3) symmetry for the contact terms. It is used to
describe the weak nonmesonic and mesonic decay of various
dibaryons with strangeness. Production estimates for BNL’s
Relativistic Heavy-Ion Collider are presented employing wave
function coalescence. The best signals for detecting strange
dibaryon states in heavy-ion collisions are outlined. It is noted
that the  dibaryon may mimic H dibaryon formation, be-
cause the dominant decay mode is the same.
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Relativistic heavy-ion collisions provide a prolic
source of strangeness: dozens of hyperons and kaons
are produced in central collisions at BNL’s AGS and
at CERN SPS (see e.g. [1]). This opens the exciting
perspective of forming composites with multiple units
of strangeness hitherto unachievable with conventional
methods.
Exotic forms of deeply bound objects with strangeness
have been proposed by Bodmer [2] as collapsed states of
matter, either consisting of baryons or quarks. A six-
quark bag state, the H dibaryon, was predicted by Jae
[3] and other dibaryon states with strangeness in [4]. On
the hadronic side, hypernuclei are known to exist already
for a long time. The double  hypernuclear events re-
ported so far are closely related to the H dibaryon [5].
Metastable exotic multihypernuclear objects (MEMOs)
as well as purely hyperonic systems of ’s and ’s were
introduced in [6,7] as the hadronic counterparts to multi(-
strange) quark ’bags’ (strangelets) [8{10]. Most recently,
the Nijmegen soft-core potential was extended to the
full baryon octet and bound states of , , and 
dibaryons were predicted [11].
One major uncertainty for the detection of such specu-
lative states is their (meta)stability. MEMOs, for exam-
ple, consists of nucleons, ’s, and  and are metastable
by virtue of Pauli-blocking eects. Only two investiga-
tions about the weak decay of dibaryons exist so far:
In [12], the H dibaryon was found to be dominated by
H! − + p decays for moderate binding energies. The
()b, which has exactly the same quantum numbers as
the H dibaryon, was studied in [13]. Here, the main non-
mesonic channel was found to be ()b !  + n.
In the following, we will introduce a ’novel’ approach
to calculate weak decay channels and lifetimes using a
direct SU(3) contact interaction. Finally, we present pro-
duction estimates for RHIC combining transport simula-
tions using Relativistic Quantum Molecular Dynamics,
which is widely used for simulations of relativistic heavy
ion collisions, with wave function coalescence.
The weak decays of the octet hyperons (, , and )
can be described by an eective SU(3) symmetric interac-
tion with a parity-violating (A) and a parity conserving
(B) amplitude [14]. The weak operator is assumed to be
proportional to the Gell-Mann matrix λ6 which ensures
hypercharge violation Y = 1, the I = 1/2 rule and
the Lee-Sugawara relation for the A amplitudes. It is
well known that it gives an excellent description of the
parity-violating amplitudes A (see Table I).
The problem is to describe correctly the B amplitudes
(see e.g. [15] for a discussion about this point). Conven-
tionally, one uses the pole model which in its basic version
is not able to describe the experimental measured ampli-
tudes [16]. There exists several extensions of this model
to remedy the situation, like retting the parameters [17],
including the vector meson pole [18], and including hy-
peron resonances [19]. On the other hand, as pointed out
in [12], there is no serious consideration about a direct
contact term for the B amplitudes in the literature.
The general SU(3)weak structure of the parity conserv-
ing B amplitudes involves six dierent operators [14]. We
nd that one operator gives the wrong sign either to the
B amplitudes for the  or the ’s. Hence, it must be
small compared to the others. Another operator gives a
contribution to − ! npi− and can be neglected. A third
operator couples kaons to all baryons with equal strength
and does not give a contribution to the measured ampli-
tudes. Only three operators remain with coupling con-
stants to be adjusted to the seven measured amplitudes.
The corresponding Lagrangian reads
1
A B
exp SU(3) exp SU(3)
! p + pi− 3.25 3.25 22.1 22.1
! n + pi− −2.37 −2.30 −16.0 −15.6
+ ! n + pi+ 0.13 0.0 42.2 40.0
+ ! p + pi0 −3.27 −2.37 26.6 28.3
− ! n + pi− 4.27 4.71 −1.44 0.0
0 !  + pi0 3.43 3.19 −12.3 −11.7
− !  + pi− −4.51 −4.51 16.6 16.6
TABLE I. The hyperon weak decay amplitudes in
SU(3)weak compared to experimental data taken from [16].
All values are in units of 10−7.
L = G (Trλ6 BPB + H (Trλ6BP B
+ J
(
Trλ6PB B + Trλ6B BP

(1)
B stands for the baryon octet and P for the pseudoscalar
nonet. The choice G = 40.0, H = 47.8, and J = −7.1
gives an excellent agreement with the experimental data
(see Table I) [20]. We point out that the B amplitudes
do not follow a Lee-Sugawara relation.
Using this model, we calculate the weak decay of
strange dibaryons including kaon exchange in addition
to pion exchange as depicted in Fig. 1 including eects
from the wave function as in [13]. Details will be pub-
lished elsewhere [21].
For a detection in heavy-ion experiments we are mainly
interested in candidates whose nal decay products are
charged. These are:
(+p)b ! p + p (2a)
(0p)b ! p +  (2b)
(0)b ! p + − or  +  (2c)
(0−)b ! − +  (2d)
which we will discuss in the following.
(a): There is only one nonmesonic decay channel for
(p)b ! p + p which we nd to be dominant above 5
MeV binding energy. The dibaryon should show up in
the invariant pp mass spectrum at M = 2.128 GeV − 
where  is the binding energy.
(b): For the (0p)b bound state only one mesonic but
three dierent nonmesonic channels contribute (see Fig.
1). The dominant nonmesonic decay turns out to be
(0p)b !  + p already for a binding energy of 2 MeV
or more. The decay itself resembles the one for the weak
decay of the − or Ω−, which have already been detected
by several experiments (see contributions in [1]). Instead
of an outgoing pi− or K− there is a proton leaving the
rst weak vertex.
(c): The dibaryon (0)b decays to − + p and, with
a small fraction, to two ’s (Fig. 1). Therefore, it can
be seen in −p or  mass plots. One has indeed seen
two-Lambda events at the AGS by experiment E896 [22]













































FIG. 1. Weak decay branching ratios for several strange
dibaryons versus the binding energy. Solid lines denote ulti-
mately charged nal states, while dash-dotted lines indicate
nal states accessible with a neutron detector.
two-Lambda correlation functions [23]. There are plans
to study the correlation of two ’s on an event-by-event
basis at the STAR detector at BNL’s RHIC [24].
(d): The (0−)b dibaryon has been predicted to be
bound [11] and its decay to −+ has a branching ratio
of a few percent (Fig. 1).
We nd that the decay lengths for all of the above
strange dibaryons is between cτ  1− 5 cm.
The other bound candidates predicted by the recent
Nijmegen model [11] involve weak decays with  hyper-
ons in the nal state. If one can measure neutrons, one
is sensitive to all proposed states:
(−−)b ! − + n + pi− (3a)
(++)b ! + + p (3b)
(0+)b ! + +  (3c)
(−−)b ! − + − (3d)
(00)b ! + + − (3e)
(−−)b ! − + − . (3f)
In addition, one can see the nonmesonic decay involving
a direct neutron in the nal state, like the one for the
()b and the one for (−)b ! − + n. Thus, a possi-
ble n or −n invariant mass distribution might reveal
interesting features of the hyperon-nucleon or hyperon-
hyperon interactions hitherto unaccessible by experi-
ment.
We nd that the dominant nonmesonic decay is
()b ! − + p, the same as for the H dibaryon. This
means that the two dibaryons are indistinguishable ex-
perimentally. Note, that the decay of the ()b !
−p, 0n, n always involves a neutral particle in the
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FIG. 2. Rapidity distribution of baryons (upper curves)
and strange dibaryons (lower curves) using RQMD2.4 with
wavefunction coalescence for Au+Au collisions at
p
s = 200
AGeV. Upper curves are for a binding energy of  = 5 MeV,
lower ones for  = 1 MeV (α = 2).
nal state as − ! n + pi−. Searches for the H dibaryon
in heavy-ion collisions are indeed sensitive for a weak de-
cay with a − in the nal state [25] and may be utilized
to look for other exotic candidates. Especially the de-
cay (3b) looks very similar to the weak decay of the H
dibaryon one is already looking for, but with the opposite
sign for the  hyperon.
Let us now focus on formation probabilities for strange
baryon clusters , p+, p0, 0 and 0−. The coa-
lescence model provides estimates by simple phase-space
arguments. Momentum coalescence has been successful
in describing data at low energies (see e.g. [26]). At rel-
ativistic bombarding energies, however, expansion of the
source and collective flow have been shown to strongly
modify the production rates [27,28]. Therefore, we will
combine source distributions for baryons borrowed from
microscopic transport calculations [29] with a coalescence
prescription in phase space as detailed in [30]. This pro-
cedure has been successful to describe deuteron yields,
momentum distributions [31,30] and is in accord with
studies of proton-deuteron correlations [32].






fA(~x1, ~p1)fB(~x2, ~p2)ρAB(~x, ~p)
δ(~P − ~p1 − ~p2)d3x1d3x2d3p1d3p2 (4)
~x = ~x1 − ~x2 and ~p = (~p1 − ~p2)/2 are given in the
respective 2-body cms (i.e. ~P  0). One has to multiply
the rate with a symmetry factor of 1/2, if the outgoing
particles are identical. For the wave function we assume






e−κr − e−ακr . (5)
The statistical prefactors g account for the lack of in-
formation about 2-body correlations with respect to in-
ternal degrees of freedom. It includes spin average and
the projection on one particular nal isospin state of the
dibaryon. For deuterons the suppression factor turns out
to be 3/8 as in previous calculations [27]. All strange
dibaryons are assumed to be formed in spin-singlet states
(S=0). This reduction to the correct ’number’ of possi-
ble quantum states depends crucially on the assumption
of uncorrelated emission and the nature of the bound
state. Since the multiparticle correlations during the
break up are not well known we consider the g-values
as estimates which need further guidance { and insight.
Note, however, that recent preliminary data on 3ΛHe at
AGS-energies [33] already indicate an additional penalty
factor for adding hyperons.
The predictions for strange dibaryons are depicted in
Fig. 2. Variations in the wave function parameters Eb =
1−20 MeV (κ = p2µEb) and α = 2−6 lead only to minor
changes in the nal result (20%). Therefore, we have
chosen to present calculations for the two most extreme
parameter-sets (Eb  5 MeV, α = 2) and (Eb  1 MeV,
α = 2). The dependence on (κ,α) can be traced back
to the ’scale’ on which baryons are scattered into bound
states. Only particle pairs relatively close in position
space ( 2 fm) contribute signicantly to the nal yield.
At the present level of the discussion these variations
should be seen as additional ’systematic’ errors on all
the coalescence results.
The formation of -states and deuterons (see also
[34,35]) is diminished by the volume expansion close
to midrapidity. For nucleon-hyperon bound states the
rapidity shift towards projectile and target is some-
what stronger due to enhanced nuclear freeze-out den-
sities at forward/backward rapidities. Note, that strange
dibaryons produced at these rapidities have substantially
longer decay lengths which opens the possibility of de-
tecting them at small forward or backward angles.
The B-parameter BAB / 1gABN(A, B)/N(A)N(B)
measuring the production rates of dibaryons increases by
a factor of two to three comparing  and -states.
This enhancement is compatible with an ’early’ freeze-
out scenario for multiple strange baryons as argued in
[36]: Clusters with high strangeness might be formed
more likely, as they decouple earlier from the collisions
zone. This conclusion, however, has to be taken with
care since the B-parameter also depends on transverse
momentum [35] and the size of local momentum fluctua-
tions [37].
There are several searches in heavy-ion collisions for
the H dibaryon [38{40,25] and for long-lived strangelets
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[41{44] with high sensitivities. Hypernuclei have been
already detected in light-ion reactions at the Bevalac [45]
and at Dubna [46]. Most recently, the E864 presented
results for the production of the lightest hypernucleus
(3ΛH) in truly heavy-ion reactions at the AGS [33].
The dibaryon states studied here are short-lived if they
are bound. They can in principle be detected in present
and future experiments by the following means:
1) Experiments with a time-projection chamber can
track for unique exotic decays like a charged particle de-
caying to two charged particles.
2) Experiments sensitive to hyperons can look for
peaks in the invariant mass spectrum of pp, p, , p−,
and −.
3) Resonances (unbound states) can be seen in the cor-
relation function of  and −.
In this paper we have calculated production rates of
strange dibaryons via the coalescence mechanism of in-
dependently produced baryons. Finally, we want to point
out that another mechanism for their formation might be
possible. Via the separation and distillation process, the
hot matter gets enriched with strangeness [47] leading to
strangelet creation. If strangelets are unstable they can
form a doorway state by decaying to strange dibaryons.
Forthcoming experiments at the BNL Collider RHIC
are able to clarify, whether or not bound dibaryon states
with strangeness exist.
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